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10 A hydraulic system 

FIELD OF THE INVENTION AND PRIOR ART 

The invention concerns a hydraulic system, comprising at least 
15 one hydraulic drive means, a conduit system connected to the 
hydraulic drive means for conveying hydraulic liquid to and from 
the hydraulic drive means, where the conduit system comprises 
a conduit circuit containing hydraulic liquid, connected to the hy- 
draulic drive means, a pump for generating a flow of hydraulic 
20 fluid in the conduit system and a motor to power the pump. 

Hydraulic systems of the type mentioned in the introduction are 
known and are used in a large number of different technical 
fields. For example one or more hydraulic cylinders in such a 

25 hydraulic system can be used in an industrial truck to control its 
lifting movements, i.e. control of the truck's handling of a load 
including raising and lowering the load, and even horizontal 
movements of the load. Further examples of technical fields 
where the said type of hydraulic system can be applied include 

30 all sorts of working machines, such as digging machines for 
control of the digging machine's digging movements, tool ma- 
chines, robots and such for example. 

In hydraulic systems of the said type the motor's power is 
35 transformed to hydraulic power in the pump, whereby the flow of 
hydraulic liquid in the conduit system generated by the pump is 
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usually distributed to the at least one hydraulic drive means via 
one or more valves. By controlling the flow to at least one 
hydraulic drive means via valves, such as throttle valves or 
directional valves for example, the hydraulic drive means is 

5 thereby controlled. However, a disadvantage with such a 
hydraulic system is that heat is generated on controlling the flow 
with throttle valves, which has a negative effect on the 
components comprised in the system and therefore the 
installation of expensive cooling systems requires in certain 

10 cases. The generation of heat also involves a disadvantageous 
energy loss. 

SUMMARY OF THE INVENTION 

15 The aim of the present invention is to provide therefore a hy- 
draulic system that allows a "more effective utilisation of the 
energy consumed than in hydraulic systems according to the 
prior art. 

20 This aim is achieved according to the invention with a hydraulic 
system of the type mentioned in the introduction, in which the 
pump is arranged to control the flow of hydraulic liquid in said 
circuit, and the hydraulic drive means is controllable 
substantially only by controlling the flow of hydraulic liquid in 

25 said circuit by means of the pump. 

Due to the fact that the hydraulic drive means is controllable 
substantially only by controlling the flow of hydraulic fluid in said 
circuit by means of the pump, the generation of heat and the en- 

30 ergy loss that is associated with controlling the hydraulic drive 
means by throttling the flow of hydraulic liquid in the conduit 
system with valves is avoided. Furthermore the pump only has 
to be powered at those times when the hydraulic drive means is 
to be operated, which contributes to a reduced energy con- 

35 sumption in the hydraulic system. Furthermore the pump's work 
is related to the control of the hydraulic drive means. For exam- 
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pie a smaller movement of the hydraulic drive means in the form 
of a hydraulic cylinder requires less work by the pump, on 
condition that the load on the hydraulic cylinder is not changed. 
The inventive hydraulic system even allows the use of a reduced 

5 amount of hydraulic liquid compared with hydraulic systems ac- 
cording to the prior art, because the control of the hydraulic 
drive means only requires control of the flow of hydraulic liquid 
in the conduit circuit connected to the hydraulic drive means, 
i.e. no superfluous flow of hydraulic liquid needs to be circulated 

10 through the conduit system to maintain the desired control of the 
hydraulic drive means. 

/According to a preferred embodiment of the invention the 
hydraulic 'system comprises means for regenerating mechanical 
15 energy transmitted to the hydraulic drive means, due to loading 
of the hydraulic drive means. It is hereby possible to regenerate 
energy that is transferred to the hydraulic drive means due to 
loading of the hydraulic drive means, which can then be utilised 
in any way. 

20 

According to another preferred embodiment of the invention said 
energy regeneration means include the motor, that is arranged 
to be driven as a generator by the pump, for regeneration of 
energy when said mechanical energy transmitted to the hydrau- 

25 lie drive meaps is transformed to liquid energy in the hydraulic 
liquid in said circuit and thereby powers the pump. The motor is 
therefore arranged to both power the pump to control the flow of 
hydraulic liquid in said circuit and thereby control the hydraulic 
drive means and to work as generator for regeneration of energy 

30 obtained from the hydraulic drive means. No further devices for 
the regeneration of energy are therefore required. 

According to another preferred embodiment of the invention the 
motor is powered by energy regenerated by said energy regen- 
35 eration means. A reduced energy consumption by the hydraulic 
system is consequently made possible in an advantageous way. 
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Further advantages, advantageous features and areas of appli- 
cation for the invention will be apparent from the other depend- 
ent claims and the following description. 

5 

BRIEF DESCRIPTION OF THE DRAWING 

Preferred embodiments of the invention are described below as 
examples with reference to the attached drawing, in which: 

10 

Fig 1 schematically illustrates a hydraulic system according to 
a preferred embodiment of the invention. 

DETAILED, DESCRIPTION OF PREFERRED EMBODIMENTS 
15 OF THE INVENTION 

Fig 1 schematically illustrates a hydraulic system according to a 
preferred embodiment of the invention. The hydraulic system il- 
lustrated in Fig 1 comprises a hydraulic drive means in the form 

20 of a hydraulic cylinder 1. It Is pointed out that this is only a pos- 
sible embodiment and it is of course possible to provide the hy- 
draulic system with an optional number of hydraulic cylinders, 
depending on the task that the hydraulic system is intended to 
carry out. Furthermore it is pointed out that it is even possible to 

25 use many other types of hydraulic drive means, such as different 
types of hydraulic adjusting devices and hydraulic motors for 
example. 

A conduit system, schematically shown by 10, is connected with 
30 the hydraulic cylinder to convey hydraulic liquid to and from the 
hydraulic cylinder 1. A suitable choice of hydraulic liquid is easy 
for a person skilled in the art to make, so it will not be discussed 
any further. The conduit system 10 comprises a conduit circuit 
1 1 containing hydraulic fluid connected to the hydraulic cylinder 
35 1. Furthermore the hydraulic system comprises a pump 12 to 
generate a flow of hydraulic liquid in the conduit system and a 
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motor 13 to power the pump 12. Although the pump 12 and the 
motor 13 in Fig 1 are illustrated as separate components it is to 
be understood that these could be arranged in one and the 
same unit constituting one component. 

5 

The pump 12 is arranged to control the flow of hydraulic liquid in 
said circuit 11 and the hydraulic cylinder 1 is controllable sub- 
stantially only by controlling the flow of hydraulic liquid in said 
circuit 11 by means of the pump 12. The control of the hydraulic 
10 cylinder 1 therefore takes place substantially only by controlling 
the flow of hydraulic liquid in circuit 11 by means of the pump 12 
and consequently not by controlling the flow to and from the hy- 
draulic cylinder by means of any valves. 

15 The hydraulic cylinder 1 illustrated in Fig 1 comprises a piston 2, 
with which a piston rod is connected. The piston 2 divides the 
hydraulic cylinder into two separated chambers, namely a first 
chamber 4 and a second chamber 5. The piston 2 and the piston 
rod 3 are movable back and forth in the hydraulic cylinder 1. The 

20 circuit 11 has a connection to the first chamber 4 and a connec- 
tion to the second chamber 5. 

The pump 12 is preferably arranged to control the direction of 
the flow of hydraulic liquid in the circuit 1 1 and thereby to con- 

25 trol the direction of action of the hydraulic cylinder 1, i.e. the di- 
rection in which the piston 2 and the piston rod 3 will move. By 
controlling the direction of the flow of hydraulic liquid in circuit 
11 the piston 2, and therefore the piston rod 3, can therefore be 
made to move in the directions shown by the bi-directional arrow 

30 I. The flow of hydraulic liquid in one of the two directions in the 
circuit 11 is therefore generated by means of the pump 12, 
whereby a higher pressure is generated either in the first 
chamber 4 or in the second chamber 5, depending on the 
chosen flow direction of the hydraulic liquid in the circuit 11, 

35 which pushes the piston 2 in the chosen direction of the bi- 
directional arrow I. 
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The pump 12 is preferably arranged to control the flow rate of 
hydraulic liquid in the circuit 11 and thereby to control the direc- 
tion of action of the hydraulic cylinder 1, i.e. the rate at which 
5 the piston 2 and the piston rod 3 move in one of the two direc- 
tions according to the bi-directional arrow I. 

According to the embodiment of the invention illustrated in Fig 1 
the motor 13, which powers the pump 12, is arranged to control 

10 the pump to control the flow of hydraulic liquid in the circuit 11. 
The flow in the circuit 11 is therefore controlled by controlling 
the motor. For example the motor 13 can be arranged so that at 
high motor revolutions the pump 12 is made to generate a high 
flow rate in the circuit 1 1 and at low motor revolutions the pump 

15 12 is made to generate a low flow rate in the circuit 11 respec- 
tively. -The motor 13 can even be arranged so that at high motor 
revolutions the pump 12 is made to generate a high pressure in 
the hydraulic liquid on one side-of the pump 12 in the circuit 11 
and that at reduced high motor revolutions the pump 12 is made 

20 to generate a reduced high pressure in the hydraulic liquid on 
one side of the pump 12 in the circuit 1 1 . 

In the embodiment of the invention illustrated in Fig 1 a device 
14 is connected to the motor 13 to power and control the motor 

25 13, which in turn is arranged to control the pump 12. The device 
14 suitably comprises a connection to an energy source to 
power the motor 13. According to the illustrated embodiment of 
the invention the motor 13 is electrically powered. The device 14 
can for example be connected to an electricity network, but 

30 according to this embodiment of the invention batteries, prefera- 
bly rechargeable batteries, are arranged in the device 14 to 
power the motor 13. It is of course also possible to arrange the 
motor 13 to be powered in some other way. The motor 13 could 
for example be petrol- or diesel-powered. 



35 
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In the embodiment of the invention illustrated in Fig 1 the hy- 
draulic cylinder 1 is intended to move a beam 6 that is arranged 
on an industrial truck for lifting and lowering a load for example. 
It is emphasized that this example is only cited to explain the 

5 invention and should not be interpreted as limiting the present 
invention. The end 8 of hydraulic cylinder's 1 piston rod 3 which 
is opposite to the piston 2 is pivotably connected to the beam 6 
via an attachment. By controlling the hydraulic cylinder 1 by 
means of the pump 12 and thereby displacing the piston 2 and 

10 the piston rod 3 in the direction of the arrow I, the beam 6, 
which is pivotable about a pivoting axis 7 can be brought to 
pivot in the direction of the bi-directional arrow II. 

The hydraulic system preferably comprises means for regener- 
15 ating mechanical energy transmitted to the hydraulic cylinder 1, 
due t6 loading of the hydraulic cylinder 1. 

On pivoting the beam 6 in theupward direction in Fig 1 energy 
is transferred from the hydraulic cylinder 1 to the beam 6. By 

20 pivoting the beam gains a higher potential energy. Said energy 
regeneration means is intended to regenerate mechanical 
energy that is transferred to the hydraulic cylinder, such as for 
example by lowering the beam 6 when the beam's potential 
energy and mechanical energy from another loading of the beam 

25 is transferred, to the hydraulic cylinder 1. Many types of energy 
regeneration means are possible within the scope of the inven- 
tion. For example it would be possible to arrange resilient mem- 
bers to take up, and later use the mechanical energy transferred 
to the hydraulic cylinder 1 . 

30 

According to the embodiment of the invention illustrated in Fig 1 
said energy regeneration means includes the motor 13. The 
motor is arranged to be driven as a generator by the pump 12. 
On loading of the hydraulic cylinder, such as for example by the 
35 beam 6, the mechanical energy is transferred to the hydraulic 
cylinder 1, where the energy is transformed into liquid energy in 
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the hydraulic liquid in the circuit 1 1 by the piston 2 of said load 
being pushed in one of the two directions of the bi-directional 
arrow I. In this way a flow of hydraulic liquid in the circuit is 
generated, which powers the pump 12, which in turn powers the 
5 motor 13 as a generator for regenerating the mechanical energy 
transferred to the hydraulic cylinder. 

The hydraulic system preferably even comprises means to store 
regenerated energy. Such energy storage means can include 
10 capacitors, different types of accumulators and such. According 
to the illustrated embodiment of the invention said energy stor- 
age means comprises one or more rechargeable batteries ar- 
ranged in the device 14. 

15 The motor 13 is suitably arranged to be powered by the energy 
regenerated by said energy regeneration means, which for ex- 
ample can be stored in said energy storage means. This makes 
a reduction in total energy needed to power the motor possible, 
which is particularly advantageous in cases where the motor 13 

20 is arranged to be powered by batteries. 

The volume of hydraulic liquid in the hydraulic cylinder's 1 first 
chamber 4 when the piston is located in one of its end positions, 
the end position to the right in Fig 1, is larger than the volume of 

25 hydraulic liquid in the hydraulic cylinder when the piston 2 is lo- 
cated in its other end position, the end position to the left as il- 
lustrated in Fig 1. The difference between these two volumes is 
substantially the volume of the piston rod 3 in the second cham- 
ber 5. Due to this, the hydraulic liquid- has to be supplied or 

30 removed from the circuit 11 when the hydraulic cylinder is con- 
trolled so that the piston moves inside the hydraulic cylinder 1. 
Three conduits 20, 21 and 22 are connected to the circuit 11 to 
supply and remove hydraulic liquid, where the conduits are even 
connected to a tank for hydraulic liquid, schematically indicated 

35 by 19. In order to control the flow of hydraulic liquid between the 
tank 19 and the circuit 11, valves 16, 17, 18 are arranged in the 
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conduits 20, 21, 22. A valve 16 is arranged in the conduit 20. A 
valve 18 is arranged in the conduit 22, which in the illustrated 
embodiment is a so-called one-way valve, i.e. the valve 18 
transmits hydraulic liquid in only one direction, which in Fig 1 is 
5 indicated by the arrow III. Furthermore a valve 17 is even 
arranged in conduit 21. 

Furthermore a valve 15 is arranged in circuit 11, which is ar- 
ranged to be closed and thereby not allow any flow of hydraulic 

10 liquid in the circuit 11 when the hydraulic cylinder 1 should not 
move. On controlling the hydraulic cylinder 1 the valve 15 con- 
sequently opens to allow flow of hydraulic liquid in the circuit 11. 
Lacking such a valve, which prevents flow in circuit 11 in closed 
position, the. load on the hydraulic cylinder via the piston rod 3 

15 would not encounter any resistance, whereby the piston rod 3 
and the piston 2 would be able to move in the direction of the 
arrow I on generation of a flow in the circuit 11. The valve 15 in 
its closed position is therefore intended to fix the hydraulic cyl- 
inder's piston and piston rod in a determined position independ- 

20 ently of the amount of load on the hydraulic cylinder. 

There now follows a brief description of the function of the hy- 
draulic system in operation according to the embodiment of the 
invention illustrated' in Fig 1. 

25 

When the hydraulic cylinder 1 is to be controlled so that the 
piston 2 and the piston rod 3 move to the right in Fig 1, i.e. on 
raising the beam 6, the pump 12 is controlled by the motor 13 
that generates a flow of the hydraulic liquid in the circuit 11 in a 

30 clockwise direction. The valves 16 and 17 are hereby kept 
closed, i.e. no flow of hydraulic liquid is allowed between the 
tank 19 and the circuit 11 via the conduits 20 and 21. The extra 
volume of hydraulic liquid which is needed to be supplied to the 
circuit 11 corresponding to the volume taken up by the piston 

35 rod 3 in the hydraulic cylinder 1 is automatically sucked up from 
the tank by conduit 22 via the one-way valve 18. 
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On lowering the beam 6, in other words when the hydraulic cyl- 
inder 1 is to be controlled so that the piston 2 and the piston rod 
3 move to the left in Fig 1, the valve 15 is opened so that a flow 

5 of hydraulic liquid in the circuit 11 is allowed. The mass of the 
beam 6 and any load on the beam 6, for example the load car- 
ried thereupon, load the hydraulic cylinder 1, i.e. push the piston 
rod 3 to the left in Fig 1 along the direction of the arrow I, 
whereby a flow is generated in the hydraulic liquid in the circuit 

10 11 in the anti-clockwise direction. This flow powers the pump 12, 
which in turn powers the motor 13 which is thereby driven as a 
generator for regeneration of energy according to the above 
description. In this way an advantageous utilisation of the 
mechanical energy which is transferred to the hydraulic cylinder 

15 1 is consequently possible. The regenerated energy can for 
example be used to recharge the batteries arranged in the 
device 14 for powering the motor 13. In cases where battery 
power is utilised such energy regeneration increases the lifetime 
of the batteries. In the case of a battery-driven vehicle, for ex- 

20 ample, the energy regeneration results in a longer drive-time 
between battery charging and a reduction of the risk of 
involuntary interruption of a work shift in order to charge the 
batteries. 

25 The flow rate in the circuit 11 on energy regeneration, and 
thereby the rate of lowering the beam 6, is controlled by power- 
ing the motor 13 so that the pump 12 slows down the anti- 
clockwise flow in the circuit 11, which is generated by the load 
on the hydraulic cylinder. The superfluous volume of hydraulic 

30 liquid due to the volume of the piston rod 3 which, in connection 
with the flow in the circuit 1 1 on regeneration of energy, has to 
be removed from the circuit 1 1 is instead tapped off by conduit 
11 by opening the valve 17. 

35 When the beam is to be lowered further than its position due to 
its mass and any load on the beam 6, i.e. when the piston 2 and 
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the piston rod 3 are to be moved further to the left in Fig 1 , the 
pump has to actively generate a flow in the circuit 11 to control 
the hydraulic cylinder. This occurs for example when it is 
desired to forcibly press down the beam 6. In order for the hy- 
5 draulic liquid not to then be forced out into the tank 19 via 
conduit 21 the valve 17 is closed. The superfluous volume of 
hydraulic liquid due to the piston rod's 3 volume, which is to be 
removed from the circuit 11, is instead tapped off via conduits 
20 by opening the valve 16. 

10 

The invention is of course not in any way limited to the preferred 
embodiments described above, but a number of modification 
possibilities thereof should be apparent for the average person 
skilled in ,the art without departing from the basic idea of the in- 
15 vention, as defined in the attached claims. 



